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Sea lions and fur seals have two broadly divergent foraging patterns. 
Lactating sea lions'generally undertake short trips (I -2 days) foraging 
mostly on the benthos of continental shelf areas. In contrast, lactating 
fur seals generally undertake longer trips (4-23 days) foraging mostly 
on vertically migrating prey in oceanic frontal structures or continental 
shelf-edges with upwelling regions. Associated with the observed diver-
gent trends of epipelagic and benthic foraging appear to be differences 
in the population dynamics of sea lions and fur seals. Populations of the 
various sea lion species have experienced little recovery since the seal-
ing era, whereas fur seals have generally experienced rapid population 
recovery rates. The divergent patterns of foraging between the two otariid 
groups were originally thought to be due to the mode of insulation and 
diving ability. Subsequent studies, however, have shown that some fur 
seal species regularly forage at pelagic depths deeper and longer than 
some sea .lions. Alternatively, the larger body size of sea lions may make 
foraging ciil :small pelagic prey energy-inefficient and, hence, may ex-
plain why throughout most of their distribution sea lions have adopted 
the benthic foraging mode. Indeed, exceptions to the general fur seal 
and sea lion foraging patterns have been documented, which may be 
related to the productivity of their local marine habitat. California sea 
lions display epipelagic foraging behavior in the rich California Current, 
while Australian fur seals have been shown to forage exclusively over 
the shallow continental shelf of Bass Strait (southeast Australia), a region 
recognized as being an area of low oceanic productivity. Interestingly, 
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these uncharacteristic foraging modes are associated with population 
dynamics uncharacteristic for the respective phylogenetic groups: Cali-
fornia sea lions have been steadily increasing, while the Australian fur 
seal has exhibited a very slow recovery in comparison to the conspecific 
cape fur seal which feeds epipeJagicaIly in the rich Benguela current and 
is now the most numerous otariid, 
Introduction 
Since the development in the mid-19 70s of electronic time-depth record-
ers (TORs) for measuring diving activity and satellite-telemetry methods 
for monitoring the at-sea movements of animals, there have been numer-
ous studies investigating the foraging behavior of lactating otariid seals 
(e,g., Gentry and Kooyman 1986; Francis et al. 1998; Thompson et al. 
1998; Costa and Gales 2000, 2003). There are nine species of fur seals 
(plus one subspecies) and five species of sea lions (plus one subspe-
cies) (Reijnders et al. 1993) and these studies have revealed two broadly 
divergent patterns for the two groups. Lactating sea lions generally un-
dertake short trips (1-2 days) during which they have a continuous dive 
pattern with no diel variation, foraging mostly on benthic or demersal 
prey in continental shelf areas (Costa and Gales 2000, 2003). This mode 
of foraging is, hereafter, referred to as "benthic' foraging. In contrast, 
lactating fur seals generally undertake longer trips (3-23 days), during 
which diving is mostly nocturnal (Boyd et al. 1991, Francis et aL 1998, 
Harcourt et al. 2001, Beauplet et al. 2004). The dives occur in bouts to 
the deep scattering layer, with a pronounced diel variation in depth that 
reflects the vertical migration of their prey (Boyd et al. 1994, Harcourt 
et aL 1995, Georges et al. 2000a), and foraging occurs mostly in oceanic 
frontal structures or continental shelf-edges with upwelling regions (Gen-
try and Kooyman 1986), This mode of foraging is hereafter referred to as 
"epipe/agic' foraging. 
Associated with the observed divergent trends of epipeJagic and ben-
thic foraging in otariid seals appear to be differences in the population 
dynamics of sea lions and fur seals. All species of otariid seals throughout 
the world were subject to extensive and, in most cases, excessive hunting 
pressure during the eighteenth and nineteenth centuries (Wickens and 
York 1997). By the late 1800s, however, most species had acquired total 
legislative protection or were subject to only regulated managed harvests, 
Despite this protection, populations of the various sea lion species have 
experienced very little recovery and in some cases are declining, whereas 
fur seal species have generally experienced rapid population recovery 
rates (Wickens and York 1997, Costa et al. 2006). A question these obser-
vations pose is whether there may be life-history consequences associ-
ated with the different foraging modes that might influence population 
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Figure 1. Mean body masses of adult female otariid seals (0 sea lions, 
• fur seals). Circled species represent the narrow range of body 
masses encompassing both fur seals and sea lions that provide 
an opportunity for investigating the mechanisms determining 
foraging mode and its potential impact on life-history parameters. 
See review in Wickens and York (1997), Warneke and Shaughnessy 
(1985), (;entry and Kooyman (1986), and Costa and Gales (2000, 
2003) ftil- data sources. 
dynamics (Le., is a particular foraging mode more efficient?). However, 
addressing this question is problematical for several reasons. 
First, life-history parameters such as litter size or reproductive rate 
may be phylogenetically constrained, reflecting selective pressures that 
may no longer apply (Calder 1984) and that may be independent of forag-
ing mode. Second, the different insulation qualities of the integument in 
fur seals and sea lions may have significant physiological implications. 
For example, it has been suggested that the insulating feature of fur seal 
integument (trapped layer of air) would be inefficient at great depths 
preventing them from foraging as deep ~s sea lions (Gentry et aL 1986, 
Costa~r991). Third, the difference in body size between f1,lr seals and sea 
lions (Fig. 1), which would have implications for metabolism and repro-
ductive output (Heusner 1991, Blanckenhorn 2000), could also mask any 
effect of foraging mode on life-history parameters. For example, it has 
been suggested that the generally larger body size of sea lions (80-273 
kg) compared to fur seals (27-76 kg) results in greater oxygen storage 
capabilities, enabling them to dive aerobically for longer periods and, 
hence, deeper (Costa 1991, Costa et al. 1998). 
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Fortuitously, despite the great breadth of body size within the 
Otariidae, there is a narrow range of adult female body masses that 
encompasses several fur seal and sea lion species (Fig. 1), This group of 
species includes the cape fur seal (Arctocepha[us pusillus pusilIus) and its 
subspecies the Australian fur seal (A. p. doriferus) , and the California sea 
lion (Zalophus californianus) and its subspecies the Galapagos sea lion 
(z. c. woI/ebaekl). It provides a unique opportunity to investigate the po-
tential relationships between foraging mode and life-history parameters 
within the Otariidae while controlling for differences in integument and 
body size. The Australian sea lion (Neophoca cinerea) also has a similar 
adult female body mass to the above species, but its unique 17.5 month 
breeding cycle (Gales and Costa 1997) makes direct comparisons regard-
ing life-history traits problematic. 
The aims of this study, therefore, were to (1) compare and contrast 
the foraging behaviors of adult female cape and Australian fur seals 
with California and Galapagos sea hans; (2) assess whether there are 
any relationships between foraging mode and life-history parameters; 
and (3) place these findings within the context of otariids in general. An 
additional aim of this study was to highlight deficiencies in the informa-
tion necessary for better understanding the mechanisms that determine 
foraging mode in otariid seals and its potential impacts on life-history 
parameters. 
Methods 
Information for the comparisons between the four focal species (cape 
and Australian fur seals, and California and Galapagos sea lions) and with 
other otariids, were obtained from published reports and unpublished 
sources. Due to a paucity of information on some species, data were not 
available for each parameter in each species. 
Summary data on diving behavior and foraging mode were collated 
for the cape fur seal (Kooyman and Gentry 1986), Australian fur seal 
(Arnould and Hindell 2001), California sea lion (Costa et al. 2004), and 
Galapagos sea lion (Kooyman and TriIlmich 1986). As a means of com-
paring diving performance between species, published data (Costa et aL 
2004) on the ratio of mean dive duration to calculated aerobic dive limit 
(cADL) for individual Australian fur seals and California sea lions were 
compared. No comparable data are available for the cape fur seal or Gala-
pagos sea lion, but comparisons were made with other benthic (Australian 
sea lion and New Zealand sea lion, Phocarctos hooken) and epipelagic 
(Antarctic fur seal, A. gazeIIa) feeding otariids (Costa et a1. 2004). 
The proportion of time at sea spent diving was used an index of 
foraging effort to compare between the four focal species (Gentry et a1. 
1986, Kooyman and Gentry 1986, Kooyman and Trillmich 1986, Feldkamp 
et a1. 1989, Arnauld and Hindell 2001, Costa et aL 2004) and with other 
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otariids (Gentry et a1. 1986; Thompson et a1. 1998; Costa and Gales 2000, 
2003; Georges et al. 2000b; Costa et a1. 2001). 
Numerous studies have investigated the diet of fur seals and sea lions 
and how it relates to foraging activity, focusing on the relative propor-
tions of various prey species in relation to changes in food availability 
and diving behavior (e.g., Feldkamp et al. 1991, Boyd et a1. 1994, Harcourt 
et al. 2002, Lea et al. 2002). There is little information, however, on how 
the mode of foraging relates to prey size, an important factor that will 
influence foraging efficiency. In the present study, information on the 
size of common prey item size were obtained for the Australian fur seal 
(Gales et a1. 1993, Gales and Pemberton 1994, Hume et al. 2004), Califor-
nia sea lion (Antonelis et al. 1984, Weise 2000), and cape fur seal (Punt 
et al. 1995; de Bruyn et a1. 2003; W.H. Oosthuizen, Marine and Coastal 
Management, South Africa, unpubl. data). Size data were collated only 
for the four most numerically abundant prey species identified in each 
diet study. Similar data were obtained for epipelagic Antarctic fur seals 
(Reid and Arnauld 1996, Goldsworthy et al. 1997) and New Zealand fur 
seals (A. forsterr) (Fea et al. 1999); and benthic feeding Australian sea 1ions 
(Gales and Cheal 1992; R. Campbell, Dept. of Fisheries, Western Australia, 
unpuhI. data) and'·New Zealand sea lions (Lalas 1997). Where necessary, 
fish prey mass was ca1culated from published length estimates using 
mass-length relationships available on www.fishbase.org. 
There are few life-history parameters available for comparison be-
tween fur seals and sea lions. Probably the most relevant for assessing 
the potential influence of foraging mode on population dynamics is adult 
female reproductive rate as it is likely to be influenced heavily by female 
foraging success and have a significant impact population dynamics 
(Boyd 2000). Information on late gestation pregnancy rates and birth 
rates were obtained for the Australian fur sea] (Arnauld et al. 2003), cape 
fur seal (Guinet et aI. 1998, OdendaaI et a1. 2002), and California sea lion 
(Melin 2002). Similar data are not available for the Galapagos sea lion but 
are available for the benthic foraging New Zealand sea lion (I.5. Wilkinson, 
Dept. of Conservation, Wellington, New Zealand, unpubl. data) and Steller 
sea lion (Pitcher et a1. 1998); and the epipeJagic foraging South American 
fur seal :(A. australis) (Majluf 1992), subantarctic fur seal (A tropicalis) , 
and Antarctic fur seal (Wickens and York 1997). 
Results 
Summary information on foraging behavior for Australian and cape fur 
seals and California and Galapagos sea lions is presented in Table 1. 
Within the small mass range of the four species (71-85 kg), mean dive 
depth varied substantially (37-64 m) though this was not related to for-
aging mode. Interestingly, despite the similar body masses between the 
four species, differences in foraging mode were apparent within the con-
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Table 1. Adult female foraging behavior of foul' otariid species (two sea 
lions and two fur seals) with similar body masses. Means ± SE 
are presented where indicated in the original studies. 
Body Dive Dive Foraging 
Species mass (kg) depth (m) duration (min) mode 
Australian fur seal" 78 63.4 ± 4.0 3.2 ± 0.4 Benthic 
Cape fur sealb.( 71 45.0 ± 4.0 2.1 ± 0.4 Epipelagic 
California sea liond 85 42.2 ± 12.9 l.9 ± 0.2 EpipelagiC 
Galapagos sea lion"J 80 37.3 ± 0.3 <2 Benthic 
'Arnould and Hinde\! (200]). "Kooy'man and Centry (1986); 'Warneke and Shaughnessy (1985); "Costa et al. 
(2004); "Centry et al. (1986); 'Kooyman and TnJlrnicll (1986). 
specific fur seals and sea lions. Australian fur seals are benthic foragers, 
whereas cape fur seals are epipe/agic foragers; and California sea lions 
are epipe/agic foragers, whereas Galapagos sea lions are henthic forag-
ers. Hence, Australian fur seals and California sea lions appear to forage 
in modes not consistent with the trends observed in their respective 
phylogenetic groups. 
The dive performance, measured as the ratio of mean dive duration 
to calculated aerobic dive limit (cADL), for individual Australian fur seals 
(n = 9) and California sea lions (/1 = 6) is given in Fig. 2. A ratio of 1 would 
indicate that animals are undertaking dive durations equivalent to their 
cADL. While mean dive depth did not differ significantly between the 
two species (to = 0.2, P> 0.1), the ratio of individual mean dive depth to 
cADL was significantly greater in Australian fur seals 0.90 ± 0.03) than 
California sea lions (0.66 ± 0.01; tG = 9.66, P< 0.00l). There are no compa-
rable data for the cape fur seal or Galapagos sea lion but these results are 
consistent with data for the Australian sea lion, Ne\v Zealand sea lion, and 
Antarctic fur seaL This suggests that benthic foraging species regularly 
undertake dive durations exceeding their cADL, whereas the epipeiagic 
foraging species rarely dive longer than their cADL 
The most common fish and cephalopod prey of benthic foraging Aus-
tralian fur seals (50-5,000 g) are 10-60 times heavier than those consumed 
by epipelagic foraging, conspecific cape fur seals (4-85 g), but are similar 
to those consumed by benthic foraging sea lions 050-2,500 g) (Table 2). 
Conversely, the epipelagic foraging California sea lion consumes fish and 
cephalopod prey of similar size (17-150 g) to epipe/agic foraging fur seals 
(2-195 g). Information on prey size in the Galapagos sea lion is limited 
to only a single fish species (anchovy, Sardinops sagax) of estimated 
mean mass 56 g, despite the diet of this species comprising numerous 
other fish and cephalopods species (Dellinger and Trillmich 1999). (on-
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Figure 2. Ratio of mean dive duration to calculated aerobic dive limit (cADl) 
in adult females of five otariid seal species (3 sea lion, 2 fur seal) 
in relation to mean dive depth. Data presented as means ± SE. 
Adapted from Costa et al. (2004). 
sequently, adequate comparisons of common prey size between this and 
other otariid species are not possible. 
Foraging effort, measured as the amount of time at sea spent div-
ing, is substantia)Jy higher in benthic foraging Australian fur seals (41%) 
than the conspecific cape fur seals (8%) and other epipelagic foraging 
fur seals (l5-24%; Fig. 3). Conversely, the time at sea spent diving by 
epipelagic foraging California sea lions (32%) is substantially less than 
by cons,E~~ific Galapagos sea lions (64%) and other benthic foraging sea 
lions (.44:058%). Overall, the proportion of time at sea spent diving is 
significantly greater (t8 "" 5 .68, P < 0.001) in benthic (51. 7 ± 4.3%) than 
epipelagic (20.7 ± 3.,4%) foragers. The results suggest that foraging effort 
is greater in benthic foraging otariid species irrespective of phylogenetic 
grouping or body size. 
The reproductive rate of the benthic foraging Australian fur seal 
(55%) is substantially lower than in the conspecific cape fur seal (77-79%) 
and other epipelagic foraging fut seals (77-84%) but is similar to benthic 
foraging sea lions (Table 3). Conversely, the reproductive rate of the epi-
pelagic foraging California sea lion (77%) is similar to epipeJagic fur seals 
but greater than in benthic foraging sea lions (55-69%), 
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Table 2. Mass of most common prey items consumed by fur seals and 
sea lions in relation to foraging mode. Range of means given 
for the four most numerically abundant species recorded in 
diet analyses. 
Mean mass (g) 
Foraging 
Species Fish Cephalopods Crustacea mode 
Australian fur seala,b,c 50-2,000 580-5,000 Benthic 
Australian sea lionm ? ? 750-1,500 Benthic 
New Zealand sea Hond 400-2,500 150-1,500 Benthic 
California sea lione,f 17-150 23-47 Epipelagic 
Cape fur seaIg,h,i 4-60 14-85 Epipelagic 
Antarctic fur seaIJ,k 7-20 <5 Epipeiagic 
New Zealand fur seaJI 2-11 195 Epipelagic 
"Cales et al. (1993); bGales and Pemberton (1994); <Hume et al. (2004); dLalas (1997); "AntoneJis et al. (1984); 
rWeise (2000); gPunt et al. (1995; hde Bruyn et al. (2003); iW.H. Oosthuizen (Marine and Coastal Management, 
South Africa, unpubl. data); JReid and Arnould (1996); kGoldsworthy et al. (1997); IFea et al. (1999). "'Because 
of the clearly demonstrated biases resulting from scat analysis in this species (Gales and Cheal 1992), 
there are no reliable estimates of fish or cephalopod prey size. Direct observations of prey consumption, 
however, indicate this species regularly consumes large crayfish (R. Campbell, Dept. of Fisheries, Western 
Australia, unpubl. data). 
Discussion 
It was originally suggested that the observed differences in foraging mode 
between sea lions (benthic) and fur seals (epipelagic) were due to differ-
ences in their integument (single- versus double-fur layer) and/or body 
size (Gentry et al. 1986, Costa 1991, Costa et a1. 1998). The results of the 
present study indicate that within the narrow range where sea lion and 
fur seal body masses overlap there is a fur seal that adopts the benthic 
foraging mode typical of sea lions (Australian fur seal) and a sea lion that 
adopts the epipelagic mode typical of fur seals (California sea lion), while 
the conspecifics of these two species follow the normal trends for their 
respective phylogenetic groups. This suggests that integument charac-
teristics do not account for the observed differences in foraging mode 
between sea lions and fur seals. Likewise, the fact that these species are 
of similar mass suggests body size may not be the sale factor determin-
ing foraging mode. 
A potential influence on foraging mode in otariid seals may be local 
marine productivity and its effect on prey availability for these species. 
The epipelagic foraging cape fur seal is mostly distributed along the 
southwest coast of South Africa and feeds in the nutrient-rich waters of 
the Benguela Current, whereas the benthic foraging Australian fur seal 
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Figure 3. Proportion of time at sea spent diving by adult females in 11 
otariid sea species (5 sea lion, 6 fur seal). References! Galapagos 
fur seal (Gentry et al. 1986); Antarctic fur seal (Costa et al. 2001); 
South American fur seal (Gentry et al. 1986); subantarctic fur 
seal (Geprges et al. 2000b); cape fur seal (Kooyman and Gentry 
1986); Au'stralian fur seal (Arnauld and Hindell 2001); Galapagos 
sea lion (Gentry et al. 1986); Australian sea lion (Costa and Gales 
2003); California sea lion (Feldkamp et al. 1989); New Zealand sea 
lion (Costa and Gales 2000); Southern sea lion (Thompson et al. 
1998). ' 
feeds exclusively within Bass Strait between the Australian mainland and 
Tasmania, an area considered nutrient-poor with low marine productivity 
(Warneke and Shaughnessy 1985), Similarly, California sea lions on the 
California coast are epipelagic foragers in the cold productive waters of 
the California Current (Feldkamp et al. 1989, 1991), whereas the conti-
nental shelf habitat of the benthic foraging Galapagos sea lion is of gen-
erally low~r productivity (Farina et al. 2003, Okey et al. 2004). [t may be 
that, exc"ept in very productive regions, large size precludes foraging on 
. / 
a highly patchy but dense prey resource near the surface (zooplankton, 
small fish or squid) (ompared to a more evenly distributed but less dense 
prey resource on the benthos (larger fish, squid, octopus, and crayfish). 
The high ratio of mean dive duration to cADL in the Australian fur 
seal and benthic foraging sea lions suggests this mode of foraging incurs 
a greater physIological cost than epipelagic feeding. Optimal foraging 
theory would predict, therefore, that benthic foraging species should 
consume larger or more rewarding prey than epipelagic foraging seals 
(Stephens and Krebs 1986, Bowen et al. 2002), The differences observed 
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Table 3. The reproductive rates of otariid seals in relation 
to their foraging mode. 
Species Birth rate (%) Foraging mode 
Australian fur seala 55 i Benthic 
New Zealand sea Bonb 69 Benthic 
Steller sea lione 55-67' Benthic 
California sea Hond 77 Epipelagic 
Cape fur seale,f 77-79 Epipelagic 
Antarctic fur sealg 77' Epipelagic 
South American fur sealh 82 Epipelagic 
Subantarctic fur sealg 79-84 Epipelagic 
"Arnauld et al. (2003); bl.S. Wilkinson (Dept. of Conservation, Wellington, New Zealand, 
unpubL data); CPitcher et al. (1998); "Melin (2002); eGuinet et al. (1998); fOdendaal et at. 
(2002); gWickens and York (1997); hMajluf (1992). 'Late gestation pregnancy rate. . 
in the present study in the size of common prey items consumed by 
benthic and epipelagic foraging otariids of similar body size are consis-
tent with this prediction. However, despite the apparent greater mass of 
prey items consumed by benthic foraging otariid species, they appear to 
spend a greater proportion of time at sea diving than epipeiagic feeders 
(Fig. 3). 
A potential consequence of this might be a reduced scope by benthic 
species for increasing foraging effort in times of nutritional stress in 
comparison to epipelagic species which, in turn, could impact reproduc-
tive output, offspring growth, or survival. A lower reproductive rate was 
observed in the Australian fur seal (and benthic feeding sea lions) than 
in the epipelagic con specific cape fur seal and California sea lion, which 
suggests a relationship between foraging mode and life history in otariid 
seals. Indeed, the difference between the mean birth rate of all benthic 
(61. 7 ± 4.0%) and epipeiagic (79.1 ± L 1%) foragers approached signifi-
cance (t2 = 4.15, P= 0.053). The low reproductive rate of Australian fur 
seals may explain their very slow recovery since the cessation of the com-
mercial sealing era in comparison to the rapid recovery of the conspecific 
cape fur seal, which is now the most numerous otariid (Table 4). Similarly, 
the relatively high reproductive rate of the California sea lion is likely to 
have contributed to its population increase being rapid in comparison to 
that in benthic foraging sea lions. 
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Table 4. Population status and trends for benthic and epipelagic forag-
ing otariid seal species. 
Species Foraging mode Population size Trend 
Australian fur seal Benthic 60,000 Very slow increase 
Australian sea lion Benthic <11,700 Stable 
New Zealand sea lion Benthic 13,000 Stable 
Southern sea lion Benthic 275,000 Decreasing 
Steller sea lion Benthic <75,000 Decreasing 
California sea lion Epipelagic >237,000 Rapid increase 
Antarctic fur seal Epipelagic 1,600,000 Rapid increase 
Cape fur seal Epipelagic 1,700,000 Rapid increase 
Subantarctic fur seal Epipelagic >310,000 Rapid increase 
Adapted from Costa et al. (2006). 
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